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Abstract 

We consider a model of the universe described by Einstein equa- 
tions whose the right-hand side consists of ordinary energy-momentum 
tensor and an effective vacuum energy-momentum tensor with p vac — 
_pvac _ £ Jc /x, where L c = SirGlpBT 1 and p is the mass density 
of cosmical medium, I the constat with dimension [cm] and R the 
scale factor of the expanding universe. We determine the vacuum en- 
ergy density assigned to the term L c as a function of the scale factor 
and, when taking I = 2R , R being the present 'radius' of the uni- 
verse, and f?o = 0.3, the normalized vacuum mass density, we obtain 
Sit = 1, deceleration parameter q w —0.5 and the age of the universe 
to ~ 0.9 x Hq 1 . The values are compatible with the estimated obser- 
vatory values of cosmic parameters. Finally, we try to interpret the 
energy content of L c as the field energy of a field whose source is the 
ordinary matter in the universe. 

KEYWORDS: Cosmology; decaying cosmological constant; dark energy; 
cosmic expansion. 
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1 Introduction 

Since the discovery of the accelerating expansion of the universe [I], dark 
energy is often invoked to explain this phenomena. The basic set of as- 
tronomical observations confirming the existence of dark energy includes: 
observations from SNe la, CMB anisotropics, large scale structure, X-ray 
data from galaxy clusters, age estimates of globular clusters and old high 



red-shift galaxies (OHRG's). These observatory results seem to supply the 
remaining piece of information confirming the inflationary flatness predic- 
tion (£lt ~ 1). The existence of an extra component filling the universe has 
also indirectly been suggested by independent studies based on fluctuations 
of the 3K relict radiation [10] , large scale structure [i2j age estimates of glob- 
ular clusters or old high redshift objects [3], as well as by the X-ray data 
from galaxy clusters These observations strongly suggest that the uni- 
verse is flat composed of p ~ 1/3 of matter (baryonic + dark) and p\ ~ 2/3 
of an exotic component. 

In the framework of quantum field theory the presence of dark energy 
is due to the zero-point energy of all particles and fields filling the universe 
which manifests itself in several quantum phenomena like the Lamb shift 
and Casimir effect [TT]. However, the conflict between the estimating obser- 
vatory value of dark energy and that of quantum field prediction [9] inspired 
many authors to find alternative for the field-theory model of dark energy. 
The well-known alternative is the Einstein cosmological constant A which 
is a time independent and spatially uniform dark component. It may be 
classically interpreted as a relativistic perfect fluid obeying the equation of 
state p = —p. Recently, many models with variable cosmological constant 
have been proposed, in some cases it depends on scale factor [6], [12] or on 
the cosmic time [7] or on both of them (for an overview see e.g. [13]). Other 
authors have suggested that the cosmological constant can be written as a 
trace of an energy- momentum tensor [8]. 

In this report, we study the cosmic evolution supposing that the energy- 
momentum tensor in Einstein's equations consists of ordinary energy- 
momentum tensor and an effective vacuum energy-momentum tensor with 
pvac _ _pvac _ j^^jj^^ where L c = &itGlpR~ l and p is the mass density of 
cosmical medium, one L c = SnlpR -1 , where p is the mass density of the 
cosmic medium R is the scale factor and I is a free constant having the 
length dimension. 

2 Investigate of cosmic evolution described by the 
modified energy-momentum tensor 

We start with the Einstein equations 

R ik - (1 /2)R = -KT tk + L c g ik K = 8vrG. 

L c can be phenomenologically viewed as a dynamical cosmological term. 
Using the Robertson- Walker metric for flat space (k = 0) and L c = KlpR -1 , 
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we have 



and 



(^ = §(|) + (§> P=( f!)(l + <) (i) 

f + <!> 2 = -^ + ^ (2) 
The corresponding total energy-conservation law reads [12] 

A ( ^ ) + 3ptf = -i[A (Lcii3) _3L^l = -^(K^-ZKlpRl 

(3) 

One can view — (L c /K)g lk as the effective vacuum energy- momentum tensor 
with p vac = —p vac = L c /K. The vacuum energy density assigned to L c is 

Pc = (^)P- (4) 

For the radiation-dominated epoch (p = 1/3), equation(3) leads to the 
following differential equation 

dpr(R) (p 3 , ]r> 2\ , „ rm/9D2 i d2 

dR 

Its solution is 



(R 6 + IR 2 ) + p r (i?)(3ir + iT - /i?) = 0. (5) 



Pr(R) = TT^rns' ( 6 ) 



dR 

(hTr) e 

where Ci is a positive integration constant. For the mater-dominated epoch 
(p = 0), equation(5) gets the form 



dP^l (jR 3 + /jR2) + Pm(jR)(3 ^ _ lR) = Qj (7) 
whose solution is 

where C2 being again a positive integration constant. The solutions of equa- 
tion^) and equation(8), p r {R) and p m (R), as functions of R are shown in 
Fig. 1. 

One sees that their graphical representations show one-hump curves 
whose maxima lie in R = 1/3 for (p=0) and in R = 1/4 for (p=l/3), re- 
spectively. 
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Figure 1: p as a function of R, (1 = 1). The upper curve refers to p m and 
the lower to p r . 



Knowing p as a function of R we can determine R(t) for all time by solv- 
ing equation(l) and equation(2). Substituting p r (R) or p m (R) into equations 
and @ we get for p = l/3orp = 



and 



or 



and 



if 

~3^(l + R) 5 
2R ,R 



Cil . K CiR 
)+ ' 



i? 



<i> 2 



,R, 



3 v (/ + .r) 5 ' 

CiJ2 



Jf(( 



(Z + «) ; 



3 \l + R) A ' 
)~P) 



R' 



K Co 



3 y (l + RY 



2R + fy = K{- 



C 2 R , 

R ' y R' " v (/ + i?) 4j ' 
respectively, equation (9) can be rewritten in the form 



R 



Kd 



R 



(l + Rf 



(9) 

(10) 
(11) 
(12) 

(13) 



If I S> R, then the right-hand side of equation( 13 ) reduces to the form 
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Its solution represents an exponential function 

VG[kt 



R(t) « exp 



V31 2 ' 



i.e. in the initial period R grows exponentially resembling the extremely 
rapid expansion of the universe during its inflationary period. On the other 
side, if I <C R then we have 

[ R' ~ 3 i? 4 ' 

The solution of this equation represents the time dependence of scale factor, 
well-known in the standard cosmology 



2KCit 

m-yj—. 

Dividing equation ([!]) by square of the present Hubble constant Hq we 
have 

1 = fio + fi A = «o(l + = «t- (14) 

Here 

# 2 = (— ) 2 , r = i, o = ^, n A = ^ = n (—) Pc = 3H ^-. 

K R J Pc 3i/ 2 uv i? 8vrG 

p c is the critical mass density. 

Subtracting equation ([2]) from equationQ we get 

R 8vr 2 T Kp. 21. 

R = -Y Gp+ 3 Lc = -^ 1 -R ) - (15) 



By means of equation (12) and equation(13) we obtain the deceleration 
parameter q$ as a function of an d hi the form p3] 

In our model, the expression of the cosmic age to in terms of f2 and Qa is 
determined by the integral 
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The result of the integration of the expression for to, as a function of Qq and 
Rq, has the form 

1 2arcsin[J-l 
t Q = H Q - 1 — — (18) 
3\J £IqI/Rq 

Given Slo, to becomes only a function of I. Our time-depending L c predicts 
creation of matter at present with an rate of creation per unit volume given 
by (C 2 « M t ) 

_ 1 ci(p m fi 3 ) _ 41C 2 R H _ 4lp m H 

i? 3 dt 10 (/ + i? ) 5 " ^ + ^o ' { j 

3 Consequences 

(i) The key role in our further consideration plays the value of I. There are 
basically two important characteristic lengths in cosmology which can be 

substituted for I, (i) Planck's length lp = v/^ ~ (10 _37 cra) and (ii) the 

length assigned to the total mass of the universe l c = ^M 1 ~ 2Rq, where 
Ro is the present radius of the universe R « 10 28 cm. Taking I = 2R 



and Oq = 0.3 we get, when inserting this I into equation) 14), equation(16), 



equation) 18) and equation) 19) the following values for the corresponding 



quantities Q T ~ 1, *o ~ 0.98 x Hq 1 , q « -0.5 and CR = 10~ 47 g 1 ernes' 1 . 
The later value is about seven order lower than the creation rate in the 
steady state theory. These values are compatible with the estimated obser- 
vatory ones. 

(ii) As shown in Fig.(l), if R = then p r and p m become zero. If R S> I then 
Pm(R) oc C\R~ 3 and p r (R) oc C2-R -4 ,respectively. The maximum value for 
p m and p m lies in 1/4 and 1/3, respectively. 

(iii) The acceleration of cosmic evolution continues until the right-hand side 



of equation) 15) remains positive then begins its deceleration. 

(iv) The fate of the universe in our model is different than the fate nowadays 
believed. In a flat or open universe without dark energy, the cosmic expan- 
sion continues forever, and the horizon grows more rapidly than the scale 
factor. In our model vacuum energy represents a dynamical variable which 
initially drives the expansion of the universe, later evolves to the present- 
day small value and in future it becomes continuously smaller converting to 
zero. 

(v) Since the mass density assigned to L c oc l c pR~ l is a dynamical quantity 
we will determine its mean value over the whole volume of the universe. For 
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the total amount of the vacuum energy in the universe, we have 



M, 




( l ^-)AitR 2 dR ps l cP Rl 



(20) 



Hence, its mean value is p c ps M c /Rl = IcpRq 1 . With l c ps 2R we have 
p' c ps 2 p. Recent astronomical observation indicates that the density of the 
dark energy is small positive and approximately equal to mass density in 
the universe. 



(iv) If one takes I = lp = ^ p ,where mp is Planck mass m P = \j ~§ then 
one has again pp(t = 0) = 0. However, in this case R grows extremely rapid 
just on very beginning of cosmic evolution resembling the cosmic inflation. 
Later, it quickly starts to evolve very closely to the standard model, so 
that it has no influence on the present-day universe. The above-considered 
universe is two-component consisting of the ordinary matter p and the energy 
assigned to L c . To have the accelerating universe, when taking I = lp, we 
need an additional component causing its present acceleration. The simplest 
way is to add a constant cosmological term A to L c . The addition of A to 
L c does not change the solutions of equationQ and equationQ. It changes 
the equations ([!]) and ^ in that A is added to their right-hand sites . 
Such three-component universe is accelerating, without initial singularity 
and with an inflation phase on its beginning. 

Finally, we will point to the interesting fact that the formula for the total 
amount of the vacuum energy in the universe given by equation(20) and 
that calculated classically within the gravito-dynamical field theory (analog 
to electrodynamics) [16] are similar. In the gravito-dynamic theory, the 
analog to electric charge or charge density is the expression \fGm or y/Gp 
|15j . respectively. Hence, the intensity of gravitational field in a sphere 
with spherically uniform mass distribution whose radius is R is given by the 
well-known equation 



where p is the mass density in the sphere. Its solution has the form 



Likewise, as in the case of the electromagnetic field, we determine the field 
energy density of gravitational field E g as 
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If we model the universe as a sphere filled by the uniform mass density p 
having radius i?o we get for the content of the field energy-mass 

Ro 

Mf = J {^^)^R 2 dR « G P 2 c- 2 Rl « ™ P Rl = IcpRl (21) 
o 

We see that the formulas for M c and Mj are similar. This suggests that 
the dark energy might represent the field energy whose source is the mass 
content of the universe. The field energy can be included into the Einstein 
equations through the term L c . 

The work was supported by the Slovak Academy Grant Agency VEGA- 
2/0059/12. 
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